
JEuropaisches Patentamt 
European Patent Office © Publication n omber : 0 045 627 

Office europeen des brevets ^ 

© EUROPEAN PATENT APPLICATION 

©Application number: 81303486.5 © Int. CI.': F 16 L 13/00 

© Date of filing: 30.07.81 F 16 B 4/00, B 23 P 11/02 



® Priority: 31 07.80 US 173948 

© Date of publication of application: 
10.02.82 Bulletin 82/6 

© Designated Contracting States: 
AT BE CH DE FR IT LI NL SE 



© Applicant: RAYCHEM CORPORATION 
300 Constitution Drive 
Menlo Park California 940251 US) 

©Inventor: Bro vies, Harry Clifton 
260 North Pastoria Avenue 
Sunnyvale California 94086{US) 

© Representative: Jones, David Colin et al 

RAYCHEM LIMITED Morley House 26 Holborn Viaduct 
London E.C.1.(GB| 



© Enhanced recovery memory metal device. 

© A sheet 00) of memory metat has a plurality of 
rectangular perforations (12) arranged in a rhombic lattice 
pattern, as indicated by lines (16). On recovery, the rectangu- 
lar perforations (12) become diamond shaped, thus giving 
enhanced recovery of the sheet (10) in a single direction (U)- 
that is to say recovery enhanced beyond the inherent 
recovery of the memory metal. 



CM 
<0 

to 
o 



n i6 a 



3-1 



D C 



J L 



D C 



i 



Fig. I 



a 

Ui 



Croydon Prtmtng Company Ud. 



ft 

4 
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DESCRIPTION 

MP0742 



This invention relates 
particular to a recoverable 
metal • 

Memory metals are alloys which manifest the shape - 
memory effect - such alloys are well known and they, and the 
shape - memory effect, are discussed in, for example, "Shape 
- Memory Alloys", Scientific American, v. 281, pp 74/82 (Nov. 
1979). 

In the past memory metals have been used in mechanical 
composite pipe couplings to force tensile load bearing 
members into gripping contact with pipes and tubing. It is 
known to use memory metals as drivers, in this way, both 
externally and internally with respect to the pipes. The 
recovery capability of the memory metal in such cases is, 
however, limited to the inherent recovery of the memory 
metal comprising the drivers. 

It is to be understood that, as used herein, the term 
"inherent recovery" refers to the extent of recovery available 
when a memory metal article, which has been deformed in 
simple tension or compression while in a martensitic state, 
returns to the austenitic state in the absence of restraining 
forces. Although this inherent recovery is theoretically 
high for single crystals,, in practice the inherent recovery 
of a polycrystalline memory metal is between about 4% and 9% 
maximum. Thus for the solid memory metal drivers, used 
hitherto in pipe couplings, recovery is limited to between 
about 4% and 9%. 



to a recoverable device, and in 
device comprising a memory 
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It is an object of the present invention to provide a 
memory metal device having recoverabil ity that is enhanced 
beyond the inherent recovery of the memory metal. 

In accordance with the present invention there is 
provided a device comprising a recoverable sheet of memory 
metal having a plurality of perforations therein, the shape 
and/or pattern of the perforations enhancing recovery of 
said sheet in substantially a single direction within the 
plane of said sheet beyond the inherent recovery of the 
memory metal. 

A sheet, that is to say an essentially two-dimension 
configuration, is understood to define a plane, and reference 
made herein to the plane of a sheet includes the surface of 
the sheet even when it is arranged in a non-planar, for 
example cylindrical or conical, configuration. 

In one embodiment of the invention the perforations are 

arranged in a rhombic lattice pattern, the direction of 

enhanced recovery being along one of the diagonals of the 
rhombic lattice. 

According to another embodiment of the invention, the 
perforations are generally rectilinear in shape, preferably 
rectangular, with the width of the rectangle extending 
along the direction of enhanced recovery. 

Two embodiments of a device, each in accordance with 
the present invention will now be described, by way of 
example, with reference to the accompanying drawings, 
in which 



Figure 1 is a plan view showing a first embodiment 
of th device, before recovery; 
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Figure 2 is a plan view showing the embodiment of 
Figure 1 $fter recovery; 

Figure 3 is a plan view showing an alternative 
embodiment of the device before recovery; and 

Figure 4 is a plan view showing the device of 
Figure 3 after recovery. 

Referring to the drawings, Figure 1 illustrates a 
device comprising a sheet 10 having a plurality of perforations 
12 contained therein. The sheet 10 is made from a memory 
metal, that is an alloy which manifests the shape - memory 
effect as discussed hereinbefore. Especially suitable as 
alloys for sheet 10 are ternary or quaternary alloys of 
copper, zinc, aluminium and/or manganese, and also nickel- 
titanium binary or ternary alloys. The plurality of perforations 
12 are of a particular shape and are arranged in a particular 
pattern, so as to enhance the recovery of the sheet 10 in 
substantially a single direction 14, within the planme of 
sheet 10. Figure 2 illustrates the sheet 10 after it has 
recovered in direction 14. 

The geometric arrangement of the sheet 10 and the 
perforations 12 shown in Figure 1 and the corresponding 
arrangement of the sheet 10' and the perforations 12' in 
Figure 2 represent the device respectively before and after 
recovery has been effected by heating, before heating, in a 
compressed or non-expanded condition, and after heating in a 
recovered or expanded condition. The sheet 10 of Figure 1 
therefore represents a compressed member which expands on 
heating. 

It should be appreciated that the effect of heating can 
be reversed. Such a situation may be envisaged by considering 
Figure 2 as representing a sheet 10" having perforations 12 1 
before heating, the sheet 10' and the perforations 1 2 • being 
in an expanded condition which upon heating recover to the 
geometric arrangement shown in Figure 1 wherein sheet 10 is 
non-expanded . 
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The perforations 12 in sheet 10 of Figure 1 'are generally 
rectangular in shape and are arranged in a rhombic lattice 
pattern. The rhombic lattice is clearly shown by the centre 
lines 16 which interconnect the geometric centres of the 
perforations 12. An expansion or contraction in the direction 
14 constitutes an expansion or contraction in a direction 
along a diagonal of the rhombic lattice, in Figure 2, centre 
lines 16' interconnecting the perforations 12" likewise 
define a rhombic lattice, the direction of recovery 14' 
again being along a diagonal of the lattice. 

The width of the generally rectangular perforations 12 
is relatively narrow and extends along the direction 14. 
This construction enables the perforations 12 to recover to 
the substantially flat diamond shaped perforations 12' in 
Figure 2. The geometric interrelationship between the 
perforations 12 in Figure 1 and the perforations 12' in 
Figure 2 represents a considerable recovery in the direction 
14. The initial length 18 of sheet 10 in Figure 1 is decreased 
to a shorter length 18' in Figure 2 upon recovery of the 
sheet 10, and it will be appreciated that there is a geometric 
relationship between the width/length ratio of the perforations 
12 and the change in length 18 to 18' of the sheet 10. A 
change in the ratio of width/length of the perforations 12 
changes the amount of recovery and therefore the difference 
in length between 18 and 18'. Thus this width/length ratio 
may be varied to create sheets which are capable of enhanced 
motion in more than one direction within the plane of said 
sheet, for example, expansion in one direction and contraction 
in the perpendicular direction. 

The device of Figures 1 and 2 can likewise be viewed as 
a two dimensional array of co-acting lever arms within the 
plane of sheet 10. These co-acting arms are represented 
in Figure 1 as centre line segments 20of sheet 10. It can be 
seen that the co-acting arms 20 of Figure 1 are bent into 
th c -acting arms 20' of Figure 2 on, recov ry. 
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Figure 3 illustrates a sheet 22 having variously sized 
perforations 24, 26 and 28; perforation 26 being longer than 
perforation 24 and perforation 28 being longer than perforation 
26, the perforations being arranged generally in a line in 
order of increasing length. A similar increasing length 
relationship exists with regard to the perforations 30, 32 
and 34. The perforations 24 to 34 are arranged in a particular 
pattern. 

Figure 4 illustrates the device of Figure 3 after 
recovery where the variously sized perforations 24 to 34 
have recovered to similar diamond shaped perforations 24' to 
34*. It will be seen by comparing Figures 3 and 4 that the 
size of the diamond shaped perforations after recovery 
depends on the length of the corresponding rectangular 
perforations before recovery; the longer the rectangular 
perforation the larger the diamond shaped perforation. Thus 
the extent of the recovery of the sheet, which is substantially 
in a single direction, is different at different positions 
along the sheet in the direction perpendicular to its 
direction of recovery. In the embodiment shown in Figures 3 
and 4, this variable extent of recovery is such that 
the sheet 22 recovers from a generally rectangular configuration, 
as shown in Figure 3, to a generally fan shaped configuration, 
as shown in Figure 4, but it will be appreciated that other 
arrangements of perforations would produce a different 
overall shape change of the sheet. 

Figures 1 to 4 illustrate structures which enhance the 
available recovery motion of a memory metal. The particular 
pattern illustrated in Figure 2 may be compressed or reduced 
by as much as 25% to 75% in the direction 14, or stated 
another way, the pattern illustrated in Figure 1 allows for 
a memory metal structure to expand some 50 to 300% in the 
direction 14. . 
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In general the amount of recoverable motion available 
is a function of the perforations slot width, length spacing 
and the amount of bending strain per lever arm. These 
variables can be balanced in various combinations to yield 
similar or identical performance. Likewise, the shape of the 
perforations will vary in compressed or non-expanded condition 
from substantially rectangular to oval.. The corners of a 
rectangular shape or radius help to accommodate bending 
stress concentrations. The perforations may be machined, 
etched, stamped, or otherwise formed. 

For practical applications the sheet illustrated in 
Figures 1 and 2 may be used in a planar configuration or may 
be formed into a generally cylindrical configuration. A use 
for such a configuration is disclosed in our contemporaneously 
filed application, application numbjr , our case 

number MP0738COM, based on USSN 174*04, USSN 263011 and USSN 
279631 the disclosure of which is incorporated herein by 
reference. 

The sheets illustrated in Figures 1 to 4 may also be 
formed into generally conical configurations or, indeed into 
almost any three-dimensional geometric configuration to take 
advantage of the one-or two-dimensional recovery of the 
sheets within their planes. 

The sheets illustrated in Figures 1 to 4, and the 
various configurations that can be made from said sheets may 
also be used as drivers in known pipe coupling and sealing 
arrangements such as are described in, for example, British 
Patent Number 1554431 and OS Patent Number 4197880. 

It is an advantage of the present invention that a 
single sheet may be formed and used in such a variety of 
configurations and hence for a variety of purposes. 
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It is a further advantage of the device of the present 
.»v.nt,on. that it can b e forced into a continuous configuration 
for e„,p le , . cvlinder , and thus iBpar( a ^ ".on. 

pressure around its surface. 
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CLAIMS 

1. A device comprising a recoverable sheet of memory metal 
having a plurality of perforations therein, the shape and/or 
pattern of the perforations enhancing the recovery of said 
sheet in substantially a single direction within the plane 
of said sheet beyond the inherent recovery of the memory 
metal . 

2. A device according to Claim 1, wherein the sheet is 
recoverable substantially only in said single direction. 

3* A device according to Claim 1 or 2, wherein the pattern 
of said perforations is a rhombic lattice and the direction 
of recovery of said sheet is substantially along a diagonal 
of said lattice. 

4. A device according to any preceding claim, wherein said 
perforations create a two-dimensional array of co-acting 
lever arms within the plane of said sheet, the enhanced 
recovery of said sheet being provided by the bending of said 
lever arms within the plane of said sheet. 

5. A device according to any preceding claim, wherein said 
sheet is substantially planar. 

6. A device according to any one of Claims 1 to 4, wherein 
said sheet defines a substantially cylindrical or a substantially 
conical surface. 

7. A device according to Claim 6, wherein the direction 
of recovery of said device is substantially radially or 
axially of the cylinder or cone. 
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8. A device according to any preceding claim, wherein the 
extent of.^recovery of the sheet is different at different 
positions along the sheet in the direction perpendicular to 
the direction of recovery. 

9. A device according to any preceding claim, wherein the 
shape of said perforations is substantially rectilinear, 
preferably rectangular or square. 

10. A device according to any preceding claim, wherein said 
enhanced recovery of the sheet is effected in two directions 
within the sheet. 
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